Abstract-
I. INTRODUCTION
The mathematical description of many physical systems when obtained using theoretical considerations often results in large-order models. To be more precise, in the time domain or state space representation, the modeling procedure leads to a high order state space model and a higher order transfer function model in frequency domain representation. It is often desirable for analysis, simulation and system design to represent such models by equivalent lower order state variable or transfer function models which reflect the dominant characteristics of the system under consideration. Model order reduction is important and common theme within the simulation, control and optimization of complex physical processes. Some of the reason for using reduced order models of higher order system could be (i) to have a better understanding of the system (ii) to reduce computational complexity (iii) to reduce hardware complexity and (iv) to make feasible controller design. The Model order reduction techniques for both type of reduction have been proposed by several researchers. A large number of methods are available in the literature for order reduction of linear continues systems in time domain as well as in frequency domain [1] [2] [3] [4] [5] [6] [7] . The extension of single input single output (SISO) methods to reduce multi input multi output (MIMO) systems has been also carried out in [8] [9] [10] [11] . Numerous methods of order reduction are also available in the literature [12] [13] [14] [15] [16] [17] , which are based on the minimization of the integral square error criterion. Some of methods are based on stability criterion. Each of these methods has both advantages and disadvantages when tried on a particular system. In spite of several methods available, no approach always gives the best results for all the systems.
In this paper, two axes modeling (d-q model) using park's transformation theory in state space representation has been developed and reduced order model has also been derived and simulation results are obtained using various numerical methods such as Runge-Kutta, Trapezoidal and Euler method under no load and load conditions and supply voltage disturbances.
Further, it is well known fact that the three phase Induction machines are the work-force in the generator-mode and motormode applications in the power systems. As induction motors are becoming day by day a main component of A.C drive systems, a detailed study of the different aspects of its modeling draws the attention of the researchers [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . The important approach of modeling of induction machine is the Park's transformation theory, which converts the machine from phase model to axis model. Two separate coils are assumed to lie on each axis, both for stator and rotor of the induction machine This work investigates the different aspects of reduced order modeling of the three-phase induction motor as a power system component. In power system simulation, especially in the transient stability studies, it is desirable to represent induction motor loads with a reduced-order model in order to decrease computational efforts and time. The order reduction is achieved by setting the derivative of stator flux linkage to zero in the stator differential equation in which all equations are referred to the synchronously revolving reference frame. This method of reducing the order of the induction machine is designated as the theory of neglecting stator flux transients.
II. BASIC ASSUMPTION AND MODEL OF SINGLE CAGE THREE PHASE INDUCTION MACHINE
The theory of neglecting stator flux transients applied to induction motor, the axis equation modeled in synchronously rotating reference frame requires two assumptions, and these are:
(i) Terminal voltage cannot continually change in magnitude at a high rate for any length of time and it must remain at synchronous frequency (ii) Oscillating torque component caused by stator flux linkage transients can be safely ignored. The methods of deriving reduced order equations are described below.
For reducing the order of the model of single cage type of Induction machine, stator flux transients have been neglected. The simplest method of deriving linearized reduced order models of induction machine is the identification of the Eigen-values/poles in the frequency domain and to neglect the faster transient. Therefore, for required process of model order reduction, the time domain equations are to be transformed into Laplace domain. Avoiding the process, one can also reduced the model order, if he assumes rotor resistance of larger value and this involves higher starting torque. The rotor copper loss will increase and efficiency will be poor. Thus the rotor flux transient cannot be neglected.
The transient performance of electrical machines has received increasing attention in recent years primarily due to the application of digital computers to large and complicated models of electromechanical systems [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Computer simulation of induction machine is performed to determine the machine behavior under various abnormal operating conditions such as start up and sudden change in supplies voltage and load torque, etc.
The detailed induction machine model is non-linear fifth order model, which is referred to as the "full order model". This model takes into account the electrical transients of both the stator and rotor windings, requires a relatively large amount of computational time. Consequently, the third-order model is achieved through neglecting the electrical transients of stator winding, is used to predict the transient behavior of induction motors.
III. FORMULATION OF FULL-ORDER MODEL OF SINGLE CAGE INDUCTION MACHINE
The reduced order model is derived from the full order model of induction machine. The mathematical model is expressed in synchronously rotating d-q references frame using per unit system. The machine flux linkages are selected as state variables and the power invariant transformation is used to convert the phase variable to their equivalent d-q variable.
A. Full-Order Model (5th-Order Model)
The induction machine equations are expressed in synchronously rotating frame of reference:
Pψ sd = -a 1 ψ sd + ψ sq + a 2 ψ rd + V sd (1) Pψ sq = -ψ sd -a 1 ψ sq + a 2 ψ rq + V sq (2) Pψ rd = a 3 ψ sq + a 4 ψ rq -(1-w r ) ψ rd (3) Pψ rq = a 3 ψ sd + (1-w r ) ψ rq -a 4 ψ rd
where,
The quantities ψ sd and ψ sq are the flux linkage of the stator winding along direct and quadrature axes respectively. ψ rd and ψ rq refer to those for rotor winding. R r and R s are the winding resistance of rotor and stator respectively. L ss and L rr represent the self-inductance of stator and rotor winding respectively, while L sr denotes the mutual inductance between them. The quantities L s and L r are the apparent three phase rotor and stator self-inductance respectively and L m is the magnetizing inductance in the winding. The quantities V sd and V sq refer to the stator terminal voltage along d and q axes respectively. H is the inertia constant in second. We have the relations In equation (10) and (11), θ = wt + α is the phase angle, and α is the switching time.
The Stator d-q currents expressed in term of flux linkage can be written as 
IV. FORMULATION OF REDUCED-ORDER MODEL OF SINGLE CAGE INDUCTION MOTOR
Reduced order model applied to normal three-phase induction Machine of single cage design allows to neglect the stator flux Transient. This assumption makes the d/dt = P terms reduced in comparison to full order model hence the resulting matrixes of flux-linkage equation will be simpler and computational time will be less.
Neglecting Stator Transient
The fifth-order model is reduced to the third order model by setting the time rate of change of the stator flux linkage to zero. Solving these flux linkages after setting their derivatives to zero in (1) and (2) 
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